1. Introduction {#sec1}
===============

Environmental pollution is "the contamination of the physical and biological components of the earth/atmosphere system to such an extent that normal environmental processes are adversely affected" ([@bib15]). One of this environmental pollution is soil contamination as a feature of land corruption caused by the nearness of xenobiotic (human-made) synthetic substances or other change in the regular soil condition. As soil is the basic natural medium, which is liable to various poisons because of various human exercises ([@bib3]). It has been noticed that lead, cadmium, copper, and zinc are the real metal contaminations of the roadside conditions and are discharged from years of lead enriched fuel burning, wear out of tires, spillage of oils, and erosion of batteries and metallic parts, for example, radiators etc. Phytoremediation takes the advantage of unique and selective uptake capabilities of plant root systems, together with the translocation, bioaccumulation and contamination degradation abilities of the entire plant body for the remediation process. This technology is environmentally friendly and potentially cost effective. The pollution of soils by heavy metals from automobile sources plays a serious environmental issue, also with the increasing demand for metals during industrialization and urbanization ([@bib35]). [@bib31] found that a homogenously *Nerium oleander* seedling has the capability in collecting HMs on the surface of the leaf mainly from aerial sources and controlled by substratum. [@bib2]). This due to its leaves that characterizes by its lanceolate leaves with a high cuticle thickness [@bib4]. It has been accounted for that *Nerium oleander* assumes an essential role in reducing heavy metals in nature because of its morphological and physic-compound attributes of *N. oleander* leave that has lanceolate leaves with high cuticle skin thickness ([@bib11]). A simple Uptake Plant Model (UPM) systems were used to predict the contribution of various pathways in remediation three heavy metals (Pb, Cd, and Zn) during spring and autumn through different parts (leaves, stem, and root) of *Nerium oleander*. These include soil-root-leaf pathway, soil-air-leaf, pathway, and its deposition. The plant was represented by three functional parts (root, shoot, leaf) to interconnect, mimicking its anatomy and physiology; three phases represent abiotic factors (soil, water, and atmosphere) of the environment. The functional parts and abiotic phases are similar to other representations that can be found in a different phytoremediation modelling approach ([@bib34]; [@bib24]).

2. Data and methodology {#sec2}
=======================

The present study was carried out in El- Dakhyla district in Alexandria city, Egypt ([Figure 1](#fig1){ref-type="fig"}) during spring and autumn 2015. It considered as an industrial area, which includes one of the largest oil company for Petroleum Maintenance (Alexandria Petroleum) in the province of Alexandria. It represents one of the main sources of emissions of many pollutants in the area. It is located at latitude 31.18 ^ᵒ^N, longitude 29.94 ^ᵒ^E and elevation 23ft. It is characterized by an average daily temperature 62^ᵒ^F and 73^ᵒ^F during spring and autumn, respectively.Figure 1Dakhyla Region (Google image).Figure 1

2.1. Experiment description {#sec2.1}
---------------------------

First March 2015, six *Nerium oleander* plants were used in the experimental field with 50--60 cm height and 20--25 leaves. It gently geminated individually in plastic pots (30 cm diameter) filled with a 7 kg mixture sand and clay at the ratio of 1:1 by volume in one of the nurseries in Alexandria. Then, the plants were planted in the two locations in Alexandria (3 plants for each zone).The plants were watered during the experiment using field capacity. The sample of soils were collected, and plants were harvested in plastic bags after 30 days to transfer it to the lab during both seasons spring and autumn 2015 ([@bib22]) (Thus, the duration of the experiment was 120 day).The biomass (aboveground and roots) were measured as mixed referring to all the plants and the trial of the experiment started with mass (6 kg). After that, each part of the plants (shoots and roots) has been analyzed separately to know the amount of HMs. Moreover, it was noticed that the highest HMs that caused air pollution in Alexandria are (Pb, Cd, and Zn). These results are similar to what Ashraf (2002) who found that some results of different air pollutants measurements at selected zones over Alexandria governorate.

The chemical constituents of the soil have been collected and analyzed as described by [@bib12] in [Table 1](#tbl1){ref-type="table"}.Table 1Chemical analysis of the used mixture soil for the first sucessive season 2015.Table 1CharacteristicsValuesUnitsECdSm^−1^1.52PH7.91Sandgkg^−1^596.4Siltgkg^−1^141.3Claygkg^−1^262.30Cdmg/kg0.33Pbmg/kg6.13Znmg/kg8.18**Soluble cations**Ca^++^meq/l3.2Mg^++^meq/l3.0Na^+^meq/l6.3**Soluble anions**HCO~3~^-^meq/l3.3Cl^-^meq/l6.5SO~2~^-^meq/l2.2

### 2.1.1. Vegetative growth parameters {#sec2.1.1}

[@bib16] method used to record plant height (cm), number of leaves per plant, leaves dry weight per plant (g), area of leaf (cm^2^), stem diameter (cm), stem dry weight (g), root length (cm) and root dry weight (g).

### 2.1.2. Chemical analysis {#sec2.1.2}

Determination of (Pb, Cd and Zn) content in plants was taken the following steps: (a) drying plant samples (leaves, stem, and roots) at 70 °C in an oven; (b) extraction of HMs; according to [@bib27] method; (c) determination of HMs concentration using an atomic absorption spectrophotometer.

Available HMs in soil samples was extracted by using DTPA solution according to [@bib18] and was determined by Inductively Coupled Plasma Spectrometry.

Transfer factor (TF) was calculated according to the relation of the ratio of the concentration of HMs in the shoots to their concentration in the soil [@bib7]. The transfer factor is a value used in evaluation studies on the impact of routine or accidental releases of a pollutant in the environment.

2.2. The mathematical model (phytoremediation uptake model) {#sec2.2}
-----------------------------------------------------------

A Simple Uptake Plant Model (UPM) systems used to predict the contribution of various pathways in remediation (Pb, Cd and Zn) through different parts (leaves, stem, and root) in one of the evergreen shrubs *Nerium oleander* to interconnect, mimicking its anatomy and physiology; three phases represent abiotic factors (soil, water, atmosphere) of the environment. This model includes three pathways that are a soil-root-leaf pathway, soil-air-leaf pathway, and its deposition. This was like other representation can be found in a different phytoremediation modeling approach [@bib34]; [@bib24].

Simple Uptake Model is represented as [@bib1], [@bib2], [@bib3], [@bib7], [@bib9], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib27], [@bib30], [@bib31], [@bib32], [@bib33], [@bib34], [@bib35], [@bib36], [@bib40] includes four types of model which are:

### 2.2.1. Soil model {#sec2.2.1}

The BCF (Bioaccumulation factors) approach is easy to implement, the limitation of this approach is that its lack of precision greatly impairs its usefulness as a tool for risk evaluation and decision-making. For this reason, [@bib21] found that there were other parameters used beside the BCF, as Distribution Coefficient (Kd) between water and dry soil.

The concentration of HMs in water is determined by collecting of samples (the water that was used to irrigate the plants in the pots and soil) in polyethylene bottles washed out and were soaked in acid (2+1HCl) for 24 h and then, were rinsed with distilled water for three times. All of the samples were treated with acid to achieve pH ≈ 2, and then in the laboratory, the samples concentrated 10 to 1 volume at 80 °C and were kept in the refrigerator for final analysis, according to standard methods manuals ([@bib33]). Then, HMs (Pb, Cd and Zn) concentrations (a total of 234 heavy metal concentrations) were measured using flame atomic absorption spectroscopy device calibrated with standard solutions. Then the calculations are present as its equation is represented by:$$$$Where:CM: Concentration of mass plant.Kd: Distribution coefficient of HMs between dry soil and water.Cw: Concentration of HMs in water.$$Cw/Csoil = KWS$$Where:Cw: Concentration of HMs in water.Csoil: Concentration of HMs in soil.Kws: Partition coefficient of HMs between two phase water and soil.

### 2.2.2. Root model {#sec2.2.2}

It represented by the following equations:

Mass balance: Flux in --Flux out is given by:$$Cw = Csoil/Kd\text{.}$$Where:Cw: Concentration of HMs in water.Csoil: Concentration of HMs in soil.Kd: Distribution coefficient

Concentration divided by plant mass:$$Cxy = Cr/Krw$$Where:Cxy: Concentration of the HMs inside the xylem.Cr: Concentration of HMs in root.Krw: Partition coefficient of HMs in two phases root zone and water.

[@bib25] found that steady state was important as the chemistry of the rhizospheric solution to which the plant is really exposed differs from the chemistry of the bulk soil solution and must be quantified properly. On the other side, the level of accumulation at the site of action (the biotic ligand) is assumed to be related to the toxicological responses.

Set to steady state and solve for Cr$$\left( {\left( {Cw \ast Q} \right) - \left( \frac{Cr \ast Q}{Krw \ast M} \right) - \left( {K \ast Cr} \right)} \right)$$$$Cr = \left( {\frac{Q}{\frac{Q}{Krw}} + KM} \right) \ast \left( \frac{Csoil}{Ksw} \right)$$Where:Q: Flow of water in the soil (ml/kg).K: Rate of change in time.M: Plant mass.KM: Rate of change in mass of the plant.Ksw: Partition coefficient of HMs in two phases soil and water.

### 2.2.3. Stem model {#sec2.2.3}

[@bib6]; [@bib9] found that stem model calculated according to xylem phloem translocation in the following equation:$$TSCF = 0.784 \ast EXP\left( \left( - logKow - 1.78/2.44 \right)^{2} \right.$$Where:TSCF: Translocation stem concentration factor.

### 2.2.4. Leaf model {#sec2.2.4}

The following equations represent the calculation of this model:$$logBCF = 0.578 \ast logKow + 1.588$$Where:BCF: Bioaccumulation factors.Kow: Partition coefficient of HMs between two phase octanol (organic compound) and water.

Outflux:$$\left( {\frac{Q}{Mr} \ast Kws} \right) \ast Cs - \left( {\frac{Q}{Mr} \ast Krw} \right) \ast Cr - \left( {Kr \ast Cr} \right)$$Where:Q: Flow of the water from the soil to the root (ml/kg).Mr: Mass of the root.Kws: Partition coefficient of HMs between two phase water.Cs: Concentration of HMs in soil.Kr: Rate of change in the weight of the root.

Influx to leaves:$$\frac{Cl}{K} = \left( Q\left( {Ml + Krw} \right) \ast Cr \right.$$Where:CL: Concentration of HMs in leaves.K: Rate of change in days.Q: Flow of water through the stem to the leaves (ml/kg).Ml: Mass of leaves.$$\text{Kaw} = Ca/Cw$$Where:Kaw: Partition coefficient of HMs between two phase air and water.Ca: Concentration of HMs in air sample.Cw: Concentration of HMs in water.

2.3. Statistical analysis {#sec2.3}
-------------------------

The experimental data were subjected to analysis of variance (ANOVA) using the SAS program, SAS Institute ([@bib30]). The means of the individual factors and their interactions were compared with L.S.D test at 5% level of probability according to [@bib32]. While, the UPM was developed and analyzed using the Microsoft Excel (see [Figure 2](#fig2){ref-type="fig"}).Figure 2Diagram of Phytoremediation Uptake Model (UPM) in which the system composed of two section: ground zone (which consists of soil and root), above zone (which consists of stem, leaf, and atmosphere).Figure 2

3. Results and discussion {#sec3}
=========================

3.1. Rate of change in plant mass and HMs concentration {#sec3.1}
-------------------------------------------------------

[Figure (3)](#fig3){ref-type="fig"} shows a comparison between rate of change in plant mass and (Pb, Cd and Zn) concentration every 30 days during different growth stages through 2015. This interrelation showed that the concentration of HMs was increasing with time comparable to the mass of plants that was very small. This result agreed with the finding of other studies that heavy metals uptake and their accumulation were affected by time changes ([@bib19]). On the other side, [@bib13] suggested that increasing in the concentration of HMs with decreases in the biomass of the plants might be due to low protein formation, resulting in inhibition of photosynthesis, as well as hampered carbohydrate translocation ([@bib20]).Figure 3Rate of change in mass of plant and concentration of HMs.Figure 3

3.2. Root model {#sec3.2}
---------------

The results obtained from the preliminary analysis of root model are summarized in the following sections:

### 3.2.1. Relation between concentration of HMs in roots and partition coefficient (octanol-water) {#sec3.2.1}

[Figure (4)](#fig4){ref-type="fig"} shows low interrelation between the concentration of (Pb, Cd, and Zn) in the root and its partition coefficient in the two phases (Octanol-Water). The obtained results show higher distribution of heavy metals (Pb, Cd, and Zn) between the two Phases (octanol-water) than in the root. These results are in agreement with those obtained by [@bib23] that high amount of Cd and Zn were distributed in most of the transect due to especial kind of industrial complexes and soils that encourage presence both in soil then to the plant: CF=(Mplant/Msoil).Figure 4Relation between log kow and concentration root for HMs.Figure 4

### 3.2.2. Partition constant root to water in their equilibrium {#sec3.2.2}

[Figure (5)](#fig5){ref-type="fig"} summarizes the significant interrelation between partition constant root to water of (Pb, Cd, and Zn) (Krw) and their equilibrium concentration of HMs in both phases (Kow). As the concentration of (Pb, Cd, and Zn) and their distribution between the two phases (Root-water) was higher than its distribution between the two phases (octanol-water). Furthermore, the most important statement on heavy metals contamination is greater affinity of surface soils to accumulate also highly variable in soil horizons due to different soil processes [@bib1]. Although, regarding, the content of the three metals (Pb, Cd, and Zn) in roots ([@bib40]) reported that in the roots HMs are binding to cell walls and vacuoles, or by extracellular precipitation, which prevents it from entering the cytoplasm, avoiding the toxic effects of heavy metals on the cytosol, so HMs became easily uptake by plant root, but very low amount of it transfers to above ground plant parts natural concentration of lead in plant tissues is lower than 10 mg in kg dry weight, so threshold value of this metal in plant was assumed 10 ppm.Figure 5Partition constant root to water and their equilibrium.Figure 5

### 3.2.3. Relation between bioaccumulation factor and partition coefficient of HMs {#sec3.2.3}

[Figure (6)](#fig6){ref-type="fig"} describes the relation between both the bioaccumulation factor and partition coefficient of Pb, Cd and Zn were very high in the soil as BCF. The observed results show that the distribution of (Pb, Cd, and Zn) between two phases (Octanol-water) was little higher than Bioaccumulation of (Pb, Cd, and Zn). [@bib21] noted that the total trace element concentration in soil that calculated from a strong acid extraction is used to construct the BCF (Bioaccumulation factor) ratio. The partition coefficient (Kow) described the distribution of Pb, Cd, and Zn between the two phases. These results were obtained according to [@bib1] who observed that the accumulation of HMs contamination is greater affinity to surface soils. In the same time, there is a highly variable in soil horizons due to different soil processes.Figure 6Bioaccumulation factors and partition coefficient of HMs.Figure 6

3.3. Stem model {#sec3.3}
---------------

[Figure (7)](#fig7){ref-type="fig"} shows a highly significant positive regression of the concentration of HMs toward the phase of octanol-water than toward the stem. This agrees with the results obtained from [@bib14] who found that the concentration factor (CF) values of Pb were sufficiently lower than Cd and Zn. Regarding the content of Zn in the bask, [@bib1] who reported that *Nerium oleander* was higher as compared to background values because of the influence of industrial emissions. Although, the relative bioavailability of Pb was about 5 times higher than Cd in the studied soils the concentration factor (CF) values of Pb were sufficiently lower than Cd, indicating lower translocation of Pb from soil to plant leaves and the plants are characterized as unpolluted of Pb [@bib14]. Also, Wind direction affects the distribution of Cd and Zn only in the transect where most industrial complexes and soils: CF= (Mplant/Msoil) and reveals the behavior about the pollutants in plants [@bib23]. The data obtained show that there was a high match between TSCF (translocation stem factor) and log (Kow) partition coefficient of Octanol and water as the value of R^2^ was 1. These results confirmed with the previous studies (Santhi et al. (2001), Van Liew et al. (2003); (Moriasi et al. (2007)), who regarded that when the values of R^2^ were greater than 0.5, therefore it was acceptable.Figure 7Regression correlation between TSCF and log Kow of HMs.Figure 7

3.4. Leaf model {#sec3.4}
---------------

What stands out in this [Figure (8)](#fig8){ref-type="fig"} is the third step, which is the wide range of (Pb, Cd, and Zn) concentration in the leaf model. It shows that the distribution of HMs concentration between Octanol and water phase (Kow) was high compatible to the concentration of (Pb, Cd, and Zn) in leaf and its distribution between air and water (Kaw) due to the translocation factor from the stem to the leaf was higher than that of root to stem and leaf. This finding was in a good agreement with results obtained from wheat grown in soil amended with industrial sludge by [@bib5]. Concerning the content of HMs in leaves, [@bib14] indicated translocation and bioaccumulation factors reflect and the capacity of *N. oleander* to exclude (Pb, Cd and Zn) from aerial parts.Figure 8Uptake of HMs in leaves from soil.Figure 8

4. Conclusion {#sec4}
=============

The *Nerium oleander* plants were able to stabilize HMs (Pb, Cd, and Zn) in the soil making them less bioavailable from the soil. The phytoremediation uptake model predicted the uptake of (Pb, Cd, and Zn) in different parts of *Nerium oleander* plants. Therefore, it can be used in estimation of accumulation of (Pb, Cd, and Zn) in soil, root stem, and leaves. One may conclude that the concentration of Cd and Zn were greater in the root than the aerial parts. Thus, the effects of phytoremediation using *Nerium oleander* plants to reduce HMs (Pb, Cd, and, Zn) presented in soils of El-Dakhyla region in Alexandria city, Egypt has been evaluated. In addition, a simple uptake model (UPM) has been developed to estimate the uptake of HMs in the different parts of plant.
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